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INTRODUCTION
The impressive growth of the Internet over the last few years has provided educators with an effective medium to transmit knowledge via new learning approaches. Thanks to the availability of Internet,. students can get to their training material at any time and any place. This flexibility lets students become more, motivated to learn [I] and allows them to adapt the learning scenario to their ski!ls and profiles.
-Conscious.' 'of the I added 'values brought, by the new information and' .communication technologies, numerous educators have stirted to prqvide pedagogical content over the ' ' Internet as complement to the classical face-to-face classroom delivery.
. -
To efficiently provide pedagogical content through the Web, educators need to define-an appropriate'delivery scenario and architectire. Ab non-IT specialists, m i s t educators encounter difficulties in carrying out .such ' a task. 'One of the consequences of^ these difficuliies is' that quite often the educators over simplify the learning content 121. To overcome this problem [3] The paper is organized as follows. Section I1 gives a short overview.of the eMersion project with a special focus on the requirements for on-line experimentation deployment. Siction 111 introduces the xchitecture defined for the composition and the deployment of active pedagogical components. It also introduces the new structured active document model. Section IV describes -the authoring and deployment environment, which is under development to implement the defined architecture. Section V Concludes the paper.
THE EMERSION PROJECT
The eMersion project aims at providing a Web-based environment that supports hands-on^ experimentation through remote manipulation of physical laboratory devices andor computer simulation tools. In the context of this project, we have developed a service-oriented WBCMT allowing definition and the deployment of a Web-based experimentation environment that we call the Cockpir. Thanks to this WBCMT, several cockpit environments have already been deployed and are currently used and well integrated in the framework of three engineering courses: Automatic control, Fluid mechanics, and Biomechanics.
A cockpit environment typically involves active components such as Java Applets for the remote and real-time manipulation of physical devices, PHP interfaces for the remote access to' simulation tools and JSP interfaces for analysis and reporting. All these components are interconnected so that they can exchange auiomatically data such as files, experimenval results, a;..! vnfigurations.
The problem we have b e e n .'-:;I:: is .(ha! cockpit environments were based on fixed pedagogical scenarios. In fact, after being generated and deployed, a .cockpit environment-could not be modified andlor extended to fit a new learning situation or user profile without deep maintenance actions. As a result, when using our first version of WBCMT, and even with some customization facilities supplied (interface . language, windows positioni, etc.), educators had to follow pre-defined templates and scenarios.'
Our work is now concentrated on the development of a second version of WBCMT which allows educators to define, create and adapt on their own the experimentation environments they need by assemhhg heterogeneous and active Web components, without dealing with technical or implementation aspects.
.
STRUCTURED COMPOSITE ACTIVE DOCUMENT MODEL SCAD MODEL
Thanks to the integration of business components (Java applets, Flash applications, CGI Scripts. etc.) that can perform internal calculation and adaptation. documents become active. According to 191, "documents are active in the sense that they include or are linked to executable code and data sets designed to produce dynamic renderings: they are network-aware, in the sense that they 'have components that are updated (dulolndliCally or manually) via remote. Web-based facilities". A composite document can be seen as a collection of heterogeneous pedagogical components that can also be distributed. Therefore, within the composite active document class,. pedagogical digital components can be composed, ordered,. and correlated to support communication and training.. In addition and to greatly facilitate their exchange and reuse [lO] [lI] we' have chosen ;composite active documents to be structured documents in~the spirit of XML.
Before introducing the composition and deployment model, we need to define clearly the concept of active Web components. Indeed, these components can be considered as a combination of three different aspects: content, service and user interface. Combining these three 'aspects is the major contribution of. our model.'ln fact,. a ,lot of work has been carried out to tackle the problem of Web components assembly. However, no integrated solution.has been proposed. One of the three aspects has always been given greater importance according to the underlying vision as described below. . The software engineering vision: in this case, the focus has been put on application components witb a special interest in assembling distributed code to compose distributed applications. Here, the service aspect is, the most important contribution and researcti has concentrated on Component-based frameworks such COM+ [16] figure   2) . when an appropriate. action i s triggered the isvisible attribute of a container element is changed ,to true: thus the container will be visible on the screen. . . .
THE AWHORING TOOL
The authoring tool allows educators to integrate containers and Web components in a more visual and intuitive way. This means that an educator can drag a component from the palette (see figure 4) and drop it inro the confainer. Then, in the container, she can modify the component properties using the properties form. The GUI gives a look and feel that is close to what they want to obtain when deploying the experimentation environment (see figure 5 ) .
. . 
IV. AUTHORING AND DEPLOYMENTARCHITECTURE
Based on the SCAD model, we have started the implementation of a second version for our service-oriented WBCMT. In this version, the experimentation environment is defined in a descriptive way using a SCAD document. A SCAD-based document can be generated through the use of a "WYSIWYG" authoring tool and, then, used as input for the rendering tool. This architecture is presented in figure 3 .
The authoring tool allows educators 10 intuitively assemble on-line resources. The SCAD document generated serves as input for one or several rendering tools in order to produce one or several. experimentation environments. For instance, a
According to the SCAD model, Web components must be the child elements of a container, i.e. educators first have to create at least one. container in the workspace. They could realize the operation just. by clicking on the ,container icon from the palette view and without releasing the right mouse button they create the container graphical interface. The same interaction approach could be performed for'integrating a Web component within a -container. ' T o 'add Web component properties or container ones conforming !o'the SCAD model, the educator has to double click on it. A form containing the properties is shown. He has to fill in at least the required, fields.
The authoring tool also allows educators to establish behavior relationships between -Web components and containers. An educator has to click on the connection icon from the palette view and draw an oriented line from the Web component/container 'source of the interaction . to the destination one. Then, while double clicking on the oriented line, s h e can customize the behavior source parameters and the behavior destination ones.
.
The layer graphical metaphor offers to educators a friendly means of using the authoring tools to create containers and to integrate Web components into them. it permits one to manipulate in different views containers and Web components that have to share the same spatial area when the experimentation environment is deployed. When the authoring tool detects spatial overlap between two containers. the last one created is put in a different layer. To edit the content of each container,,educators have just to switch from one layer to another. In addition, educators can draw -behavior-oriented lines-between two containers, between containers and Web components, or between two Web components that x e I,xated in different layers. To ensure the -utility of the SCAD XML documents generated.and their conformity with the SCAD model, the authoring tool manages two kinds o f constraints: structured constraints and .-graphical ones: Structured constraints management handles elements nesting as well as, element and attribute types. For example, if an element is defined as date type, the authoring tool generates an error when the educator inserts character strings. Meanwhile, graphical constraints management hacdles graphical arrangements, which hive to be in accordance with, the structukd ones. Therefore, the authoring tool does not. allow .the :educator to drag Web components, which-must be dragged from the palette outside the containers. , . .
7"E RENDERING TOOL
The experimentation-authoring tool dlows the educator to generate quickly and easily SCAD documents conforming with the SCAD model. This document constitutes the first step toward the deployment of experimentation environments. The second step is to convert. the high-level object-based description of the SCAD document, into a Graphical User Interface (GUI) for display. One or several rendering tools can be used for this purpose depending on. the educator needs. In other words, based on one SCAD document, many GUI experimentation environments can be rendered. So far, we have developed a first rendering tool that involves a DHTML popup to display the containers; 1SP and JavaScript ensure interactivity between containers and.contents.
The rendering tool is integrated as an embedded toolkit within the experimentation-authoring tool. Therefore, at the completion of theiSCAD document, the educators can directly deploy the experimentation environment.
I

V. CONCLUSIONS AND FUTURE WORK
This paper presents an innovative approach for authoring and deploying service-oriented Web-based experimentation environments in engineering education. This approach is based on a hybrid model. namely the SCAD model that considers experimentation environment as a composition of active ' Web-components. This model integrates classical multimedia components such as marked-up texts, images. and video, as well as active components with internal calculation and communication capabilities such as PHP interfaces, lava Applets, and HTML forms.
The SCAD model allows a descriptive definition of an experimentation environment, thanks to its five major concepts: content, container, behavior, communication, and layer. This model has been formalized using an XML schema. Thus, an experimentation environment, in our approach, must be defined as an XML document conforming to,the XMLbased SCAD schema.
Based on this model, .we have developed an authoring and deployment environment allowing novices to create graphically and intuitively new experimentation environments. This authoring and deployment environment is basically composed of a graphical authoring tool that generate SCAD documen!s and a rendering tool that uses SCAD documents as an input to generate experimentation environments.
In the current version of our authoring and deploying Finally. we are .also working to improve the graphical interface for authoring SCAD documents and generating experimentation environments. In fact, due to.the:fact that we are tilrgeting novice users, we have to translate.all the SCAD concepts and mechanisms into comprehensive and intuitive graphical interfaces that can be exploited by.such users. The challenge was, and' still, to offer an intuitive authoring interface including adapted metaphors and interactions that allow novice users to .benefit .from the SCAD model advantages and inake technical and syntactic aspects transparent for them.
